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(57)Abstract: 

PURPOSE: To provide a specified stable semiconductor thin film 
controlled in grain size of crystal grain by using a gas having a 
specified thermal conductivity as an atmospheric gas at 
crystallization, and conducting crystallization in this gas 
atmosphere. 

CONSTITUTION: By using a gas having a high thermal 
conductivity as an atmospheric gas making contact with a sample 
surface, crystallization just after laser beam irradiation is 
generated from both a foundation base 1 and a thin film surface, 
whereby the dispersion in grain size of crystal grain is minimized, 
and the part having a larger grain size is present in the middle 
between the surface and the base 1. By using the gas having a 
good thermal conductivity as the atmospheric gas, a crystal layer 
comparatively controlled in grain size can be formed. The thermal 
conductivity of the atmospheric gas can be conformed to or 
closer to the thermal conductivity of the base 1 by combination of 
gas kinds, and as the atmospheric gas at crystallization, a gas having a thermal conductivity (h) 
satisfying the condition of 0.03 (W/m.K)<k (at 0° C) is used. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the semi-conductor thin film characterized by crystallizing in 
this gas ambient atmosphere using the gas which has the following thermal conductivity (kappa) as a 
controlled atmosphere at the time of crystallization in the manufacture approach of the semi-conductor 
thin film which comes to crystallize the amorphous ingredient formed on the insulating substrate. 
0.03(W/m-K) <kappa (at.0 degree C) 

[Claim 2] It sets to the manufacture approach of a semi-conductor thin film according to claim 1, and is 
Ne, helium, and H2 as a controlled atmosphere. The manufacture approach of the semi-conductor thin 
film characterized by crystallizing in this gas ambient atmosphere using the gas by which at least one 
kind was included inside. 

[Claim 3] It is the manufacture approach of the semi-conductor thin film characterized by the ambient 
gas pressure at the time of crystallization (P) being between 0.1 - 100torr(s) in the manufacture 
approach of claim 1 or a semi— conductor thin film according to claim 2. 

[Claim 4] It is the manufacture approach of the semi-conductor thin film characterized by an amorphous 
ingredient using an amorphous silicon as the main base material in the manufacture approach of claims 1 
and 2 and the semi-conductor thin film three publications. 

[Claim 5] The manufacture approach of the semi-conductor thin film characterized by carrying out 
according to the optical process which used excimer laser for crystallization in the manufacture 
approach of claims 1, 2, and 3 and the semi-conductor thin film four publications. 

[Claim 6] It is the manufacture approach of the semi-conductor thin film characterized by an insulating 
substrate being plastic film in the manufacture approach of claims 1, 2, 3, and 4 and the semi-conductor 
thin film five publications. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of the semi-conductor thin 
film applied to manufacture of the thin film transistor used for a liquid crystal display, wall tapestry 
television, etc. 
[0002] 

[Description of the Prior Art] Conventionally, the manufacture approach which comes to crystallize 
amorphous ingredients, such as an amorphous silicon (a-Si) formed on the insulating substrate, as the 
manufacture approach of the semi-conductor thin film used for a thin film transistor (TFT:Thin Film 
Transistor) etc. is learned (JP,62-36854,A, JP t 2-177443,A, etc.). And there are following two as an 
approach of crystallizing the amorphous ingredient formed on this; insulating substrate. 
** Crystallizing the a-Si film on a substrate by laser annealing, the ambient atmosphere at this time is 
the inside of a vacuum, or N2. Or it is crystallizing in atmospheric air. 

** The a-Si film on a glass substrate was twisted to excimer laser annealing, and it is crystallizing. 
[0003] 

[Problem(s) to be Solved by the Invention] However; the crystallization approach of the above- 
mentioned ** and ** has the following faults. ** When crystallizing a-Si by the approach, in case a-Si 
crystallizes in respect of laser radiation, since conduction of heat is bad, dispersion will arise in the 
ambient temperature at the time of crystallization, and it will not be able to cool at uniform temperature, 
consequently particle size will vary. ** When crystalizing a-Si formed on the glass substrate by the 
approach, since the glass substrate itself is not flexible, an application will be restricted. The particle 
size of crystal grain is controlled at the time of crystallization of the thin film which this invention is 
made in view of the above-mentioned situation, and consists of an amorphous ingredient formed on the 
substrate, and it aims at offering the manufacture approach of a semi-conductor thin film that the semi- 
conductor thin film whose property was stable is obtained. 
[0004] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, invention of claim 1 is 
characterized by crystallizing in this gas ambient atmosphere using the gas which has the following 
thermal conductivity (kappa) as a controlled atmosphere at the time of crystallization in the manufacture 
approach of the semi-conductor thin film which comes to crystallize the amorphous ingredient formed 
on the insulating substrate. 
0.03(W/m-K) <kappa (at.0 degree C) 

[0005] It sets to the manufacture approach of the above-mentioned semi-conductor thin film here, and 
is Ne, helium, and H2 as a controlled atmosphere. It is characterized by crystallizing in this gas ambient 
atmosphere using the gas by which at least one kind was included inside (claim 2). Moreover, in the 
manufacture approach of the above-mentioned semi-conductor thin film, it is characterized by the 
ambient gas pressure at the time of crystallization (P) being between 0.1 - 100torr(s) (claim 3). 
Moreover, in the manufacture approach of the above-mentioned semi-conductor thin film, it is 
characterized by an amorphous ingredient using an amorphous silicon as the main base material (claim 



4). Moreover, in the manufacture approach of the above-mentioned semi-conductor thin film, it is 
characterized by carrying out according to the optical process which used excimer laser for 
crystallization (claim 5). Moreover, in the manufacture approach of the above-mentioned semi- 
conductor thin film, it is characterized by an insulating substrate being plastic film (claim 6). 
[0006] 

[Function] In the manufacture approach of the semi-conductor thin film of this invention, the thin film 
which consists of amorphous ingredients, such as a-Si, is formed on insulating substrates, such as a 
flexible plastic plate, it faces crystallizing this thin film, particle size is controlled by thermal conductivity 
(kappa) using the thermally conductive good gas more than 0.03 (W/m-K) for the controlled atmosphere 
at the time of crystallization, and the semi-conductor thin film whose property was stable can be 
obtained. 
[0007] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. When 
forming the amorphous film on an insulating substrate and crystallizing it, it becomes possible to obtain 
the crystalline thin film with which particle size was controlled by choosing gas with large thermal 
conductivity as the controlled atmosphere which wraps the sample. Conventionally, as the crystallization 
approach of an amorphous thin film, although there was much laser annealing cooled and crystallized 
after irradiating a laser beam, heating it on a sample front face in a vacuum (or low-fever conduction gas 
ambient atmosphere) and considering as a melting condition, as shown in drawing 2 (1) - (4) In a vacuum, 
since the sample just behind laser annealing has the low thermal conductivity of the ambient 
atmosphere which touches the sample front face, like drawing 2 (3), crystallization will take place from a 
substrate substrate side, and will be in a crystallized state like drawing 2 (4). Although, as for this, a 
layer with a comparatively large particle size is formed on a sample front face, crystallization 
accompanying cooling will occur from a comparatively good thermally conductive substrate substrate 
side, and it will grow toward a front face, consequently, the part to which the distance of dispersion in 
the particle size in a front face from a substrate increases while crystal grain with a large particle size 

on a sample front face is made it will become large. Dispersion in this particle size will induce 

dispersion in component properties (for example, threshold electrical potential difference Vth of a thin 
film transistor etc.). Moreover, dispersion in aging of a component will also become large and, as for 
dispersion in particle size, a dependability top also poses a problem. 

[0008] On the other hand, as this invention shows to drawing 1 (1) - (4), by using gas with high thermal 
conductivity for the controlled atmosphere which touches a sample front face, and performing laser 
annealing in this gas ambient atmosphere As crystallization immediately after a laser beam exposure is 
shown in drawing 1 (3), it will occur from both the substrate substrate 1 and a thin film front face. While 
dispersion in the particle size of crystal grain becomes small, the mobility which the part with a large 
particle size will exist in the middle of a front face and a substrate substrate, for example, determines 
the property of a transistor It is decided in a layer with this large particle size, the effect of disturbance, 
such as water adsorption from a front face, is lost, and it becomes a crystal layer with the stable 
property. Thus, by this invention, particle size becomes possible [ making the crystal layer controlled 
comparatively ] by using gas with sufficient thermal conductivity for a controlled atmosphere. Moreover, 
it is possible to double with it to the thermal conductivity (kappa 1) of a substrate substrate, when the 
thermal conductivity (kappa) of a controlled atmosphere combines a type of gas, or to bring close, and a 
setup of arbitration is possible. In addition, at this invention, thermal conductivity (kappa) is 0.03(W/m-K) 
<kappa as a controlled atmosphere at the time of crystallization, (at.0 degree C) 
The gas which fills ****** is used. 

[0009] The thermal conductivity of the gas used by the substrate substrate ingredient and this invention 
is shown in Table 1 here. In addition, about gas, it turns out that the substantial amount of heat 
conduction is also controllable by setting up the gas pressure of an ambient atmosphere between 1 - 
1 0OtorKs). 



[0010] Next, the concrete example of this invention is described. 

An amorphous silicon (a-Si) is formed on this plastic film, using plastic film (PET: polyethylene 
terephthalate) as a [example 1] substrate. Film production was performed by the ECR method by 
SiH4:10SCCM, pressure 5x1G~3torr, microwave power 400W, the substrate temperature room 
temperature, and 3000A of thickness. Furthermore, the KrF (lambda= 248nm) excimer laser exposure 
conditions at the time of crystallization are performed by 100 mJ/cm2 and 1-10 shots. At this time, the 
gas ambient atmosphere was performed by helium gas SOtorr. Thus, the maximum crystal grain of the 
formed semi-conductor thin film was 500A, and from the front face, it concentrated on the depth around 
1000A, and it was formed. 

[001 1] It is Si02 on a [example 2] PES (polyethylene sulfone) film. On the substrate film which carried 
out the coat, 5000A of a-Si film was vapor-deposited with the vacuum deposition method. In addition, 
vacuum evaporationo conditions performed Si vacuum evaporationo using the vacuum evaporationo 
equipment of a configuration as shown in drawing 3 as vacuum evaporationo equipment by ultimate- 
pressure force 1x10~7torr, controlled atmosphere (Ar+*H2) 10~3torr, and H2/AH-H 2= 0.2. Furthermore, 
at the time of crystallization, laser radiation conditions performed the film in the ambient atmosphere of 
H2:Ne=9:1 and pressure 10torr, and crystallized with XeCI laser (lambda= 308nm), 50 mJ/cm2, and the 
numbers 5-25 of shots. Thus, the semi-conductor layer of 300A of crystal grain was able to be obtained. 
[0012] 

[Effect of the Invention] As explained above, in the manufacture approach of a semi-conductor thin film 
according to claim 1, the thin film which consist of amorphous ingredients, such as a-Si, be formed on 
insulating substrates, such as a flexible plastic plate, it face crystallize this thin film, particle size be 
controlled by thermal conductivity ( kappa) use the thermally conductive good gas more than 0.03 
( W/m-K) for the controlled atmosphere at the time of crystallization, and the semi-conductor thin film 
whose property be stable can be obtained. Therefore, the particle size of crystal grain is controlled and 
the thin film transistor by which the property was stabilized can be realized. , »■ . 
[0013] In the manufacture approach of a semi-conductor thin film according. to claim 2, the semi- 
conductor layer to which crystal grain was equal is realizable by the heat conductivity being high or 
annealing in the gas ambient atmosphere matched with the heat conductivity of a substrate substrate. 
[0014] In the manufacture approach of a semi-conductor thin film according to claim 3, the amount of 
conduction of heat can be controlled by controlling the pressure of a controlled atmosphere, it becomes 
easy to control the particle size at the time of crystallization, and the good semi-conductor thin film of 
a controllability can be realized. 

[0015] In the manufacture approach of a semi-conductor thin film according to claim 4, it is crystalizing 
an amorphous silicon, and it is the best and the stable thin film transistor can be. realized. 
[0016] In the manufacture approach of a semi-conductor thin film according to claim 5, on the occasion 
of crystallization; it is irradiating excimer laser and comparatively few crystal layers of a substrate, 
damage can be realized. 

[0017] In the manufacture approach of a semi-conductor thin film according to claim 6, the transistor 
using plastic film can be realized and the application in the field which was not used until now spreads. 
Specifically, devices, such as a flexible and lightweight liquid crystal display (LCD), are realizable. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view of the manufacture approach of the semi-conductor thin film by 
this invention. 

[Drawing 2] It is the explanatory view of the manufacture approach of the conventional semi-conductor 
thin film. 

[Drawing 3] It is drawing showing an example of the equipment used for film production of a semi- 
conductor thin film etc., and is the outline block diagram of vacuum evaporation© equipment. 
[Description of Notations] 

1 ... Substrate 

2 ... Amorphous substance ingredient layer (semi-conductor thin film) 
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